INTRODUCTION
============

Diabetes is one of the most rapidly growing diseases in the world. The International Diabetes Federation has predicted that every 10 seconds, three patients are diagnosed with diabetes \[[@B1]\], and its prevalence rate around the world was 6.6% in 2010 \[[@B2]\]. It is estimated that 415 million people, aged 20 to 79, would be diagnosed with diabetes in 2015, and approximately 5 million people died from it. Moreover, the number of people with diabetes would be expected to be 642 million by 2040 \[[@B3]\]. According to the American Diabetes Association, the direct expenditures on diabetes by the United States government amounted to 91.8 billion United States dollar (USD) in 2002, and 156 billion USD in 2010. It has been estimated that by 2020, 192 billion USD will be spent on diabetes. In 2002, the United States government\'s total expenditures on health and medication were 865 billion USD; among others, 160 billion USD, equivalent to 18.5% of its total health expenditures, were used for diabetes. Health expenditures *per capita* in the United States were 2,560 USD in 2002, and this number will increase by 5-fold to 13,243 USD if the individual is a diabetes patient. Moreover, if age, sex, and ethnicity are adjusted, the heath expenditures *per capita* will increase by 2.4 times \[[@B4]\].

In addition, a constant increase in medical expenditures due to complications of diabetes, proven in several studies \[[@B5][@B6][@B7]\], is also a public concern. Cost Of Diabetes in Europe-Type 2 (CODE-2) diabetes studies carried out in seven countries in Europe, including over 7,000 participants, have suggested that medical expenditures on complications of diabetes would increase 1.7 times for patients who develop microangiopathy, two times for patients with macroangiopathy, and 3.5 times for those who develop both types of complications \[[@B7]\].

Through continuous care, however, it is possible to prevent patients with diabetes from further development of the disease and reduce their medical expenses. Regardless of the type of care or treatment, continuous care of diabetes is important because absence of treatment will eventually lead to hospitalization or a number of medical complications \[[@B8]\]. According to the Centers for Disease Control and Prevention, patients with diabetes are 1.5 to 1.8 times more likely to be hospitalized from heart disease or stroke than patients who do not have diabetes. Cases of lower-extremity amputation due to diabetes have increased from 73,000 in 2010 to 108,000 in 2014 \[[@B9][@B10]\].

In the case of chronic diseases such as diabetes or hypertension, because the duration of the illness is so long, there are many cases in which the patient frequently changes medical institutions, which distorts usage behavior of medical services by casting about for a better medical practitioner \[[@B11][@B12][@B13]\]. If a patient visits different medical institutions for the same disease, it reduces continuity of care because patients need to be re-examined, requiring new physical examinations and laboratory and radiological tests for the same symptoms.

The objective of this study, therefore, was to analyze the effect of Continuity of Care (COC) on health outcomes and health care costs for patients with type 2 diabetes mellitus (T2DM), using the Korean National Health Insurance database.

METHODS
=======

This study uses data from the Korean National Health Insurance database gathered between 2002 and 2013. Information about one million people (2% of the whole population) was extracted from the nation\'s health insurance claims data, including socioeconomic status, disability, death, and use of medical care institutions. Data about patients aged 20 years old or over who were newly diagnosed with T2DM in 2004 were collected for the study.

The observation period of the study is 10 years, consisting of two periods, the first one observing whether managing diabetes continuously for 2 years after initial diagnosis (continuity observation), and the following one observing the health outcome for 8 years thereafter (outcome evaluation). We excluded patients from the analysis who had fewer than four physician visits \[[@B14]\], had a record of emergency visits or hospital admission during the continuous observation period, had diabetic complications, or died within the first 2 years of initial diagnosis. In addition, patients who had no record of physician visits or who died for conditions not related to T2DM during the 8-year period were also excluded. In the end, the data from 2,259 patients in total were eligible for analysis ([Fig. 1](#F1){ref-type="fig"}).

Measures and variables
----------------------

Most Frequent Provider Continuity (MFPC), Modified Continuity Index (MCI), and COC index have been used as measures for continuous care \[[@B14][@B15][@B16][@B17][@B18][@B19][@B20][@B21]\]. We selected the COC index as the measure for continuity measure in this study. The COC index, developed by Bice and Boxerman \[[@B22]\], has all four characteristics for measurement of continuity defined by Shortell \[[@B23]\], which are (1) use of individuals as units of analysis, (2) the comparability of individuals using different numbers of providers, (3) the influence of total number of visits, and (4) referral patterns among providers. Therefore, it considers both the degree of concentration and dispersion of the medical providers visited by patients and is appropriate for measures that do not require an assigned provider as in Korea. It has been applied in a relatively large number of studies \[[@B24]\]. The values of the COC index range from 0 to 1, where 0 is when all physician visits are distributed to different providers, and 1 is when all physician visits are concentrated at one provider. The calculation formula is as follows.

$$COC = \frac{\sum\limits_{i = 1}^{M}{n_{i}^{2} - N}}{N\left( N - 1 \right)}$$

> (*n~i~*=\# visit of med^\*^ical provider *I*; M=\# medical provider; N =total \# medical visit)

To evaluate health outcome, the occurrence of diabetic complications was measured. Diabetic complications can be categorized by size of blood vessels involved in macro- and microvascular origins. Macrovascular complications affect the heart and large blood vessels and are probably the major cause of morbidity and mortality among diabetic patients. These are coronary artery disease, peripheral arterial disease, and stroke. Complications of microvascular origin include diabetic retinopathy, nephropathy, and neuropathy \[[@B7][@B25]\].

We referred to the study by Park et al. \[[@B26]\] for the medical diagnosis codes of these complications. When the patients with T2DM had either micro- or macrovascular complications or both, we defined them as having diabetic complications.

For health care costs, we calculated total medical costs incurred for T2DM during the outcome evaluation period. Direct, indirect, and intangible costs have been used to calculate medical costs \[[@B27]\], but we selected only direct costs as total medical costs. Direct costs are defined as all costs directly occurred for medical services such as diagnosis, treatment, care, rehabilitation, and terminal care without including non-medical costs such as transportation. We used health insurance claims data and added up all expenses related to T2DM claims. The computation of medical expenses started at the end of the continuity evaluation period, and ended at the end of the study (December 31, 2013), so the period differs with each patient.

As control variables, we examined patients\' socioeconomic status, characteristics of disease and medical treatment, and features of medical institutions. Patients\' socioeconomic status, such as age, insurance type, and income quintile, were variables that could be changed during the study period, so they were based on the time of the first diagnosis. The characteristics of the medical institutions, such as types, ownership, number of beds, and number of physicians, were based on the most visited medical institutions during the continuity observation period. According to previous studies \[[@B28][@B29][@B30]\], the most visited medical institution was defined as the main medical institution during the continuity observation period. However, if there were medical institutions that had identical frequencies of visits in the same year, the most recently visited medical institution was defined as the main one.

Statistical analysis
--------------------

Multivariate analysis was performed to examine the impact of continuous care on the occurrence of diabetic complications and medical costs. The Cox proportional hazards regression model was fitted to examine the hazard ratios (HRs) between continuous care and health complications of T2DM after adjusting other factors. In addition, the multivariate logistic analysis was performed to confirm the robustness of the obtained results.

The adjusted confounding factors included patients\' characteristics, such as age, gender, health security type, income level, disease characteristics (hypoglycemic agents, Charlson comorbidity score), and institutional characteristics, such as types of health care providers, ownership, geographical location, number of physicians, and number of beds. Types of health security are categorized into two types: National Health Insurance and Medical Aid. Types of health care providers were categorized into three types: general hospital, hospital, and clinic. Institutional ownership was divided into three categories: national/public, corporate, and private.

Statistical analyses were performed using STATA software version 14.0 (StataCorp LP., College Station, TX, USA). Ethical approval for this study was obtained from the Catholic Medical Center Institutional Review Board (MC15RNSI0043). Informed consent was waived by the board.

RESULTS
=======

Patient characteristics
-----------------------

Characteristics of the study subjects at the time of their first diagnosis are shown in [Table 1](#T1){ref-type="table"}. The portion of males was about 11% higher than of females. The age distribution was skewed toward subjects over 50 years of age. A significant number of respondents were in income level 1 to 2 or 9 to 10, both equally 28.0%. Most patients used clinics (75.9%), medical institutions in the private sector (79.6%), institutions with 0 to 50 beds (75.7%), and with one physician (59.4%). The overall COC score was 0.83±0.24.

Because COC values were skewed (−1.073), we divided continuity scores into two groups, higher and lower, based on the median. [Table 1](#T1){ref-type="table"} shows the baseline characteristics of included patients in the high-COC and low-COC groups. Among the patients\' characteristics, sex, age, insurance status, and comorbidity score were statistically significant variables. In the higher continuity group, the proportion of males aged 60 or younger, with Medical Aid and a comorbidity score of 1 or above, were high. As for the characteristics of medical institutions, types of medical institution, and number of physicians were the significant variables. The proportion of general hospital and medical institutions with more than 21 physicians were high in the higher continuity group.

Association between continuity of care and diabetic complications
-----------------------------------------------------------------

A little less than half (*n*=982, 43.5%) of the whole study population had diabetic complications. The incidence of microvascular and macrovascular complications among the study population were 875 (38.7%) and 310 (13.7%), respectively. When the COC score was high, 39.2% (513 out of 1,310 participants) of these patients developed health complications. However, when the COC score was low, 49.4% of these patients had complications. Definitely, these are statistically significant ([Table 2](#T2){ref-type="table"}).

In the multivariate Cox analysis, the COC was found to be significantly associated with T2DM complications after adjusting for other factors, including patient characteristics (sex, age, insurance type, income), disease characteristics (hypoglycemic agent, comorbidity score), and medical institution characteristics (type, ownership, region, number of physicians, and number of beds). The risk of having T2DM complications among patients who had higher COC scores was 0.69 times (95% confidence interval \[CI\], 0.539 to 0.878), significantly lower than those who had lower COC scores ([Table 3](#T3){ref-type="table"}). Patients\' gender, age, income level, and type of hospital at diagnosis were also significantly associated with T2DM complications. The results of the multiple logistic regression of higher-COC patients on diabetic complications showed an odds ratio of 0.55 (95% CI, 0.40 to 076) so that supports the robustness of COC scores as the survival analysis of having no diabetes complications.

The risk of having microvascular and macrovascular complications among patients with higher COC scores were 0.66 times (95% CI, 0.509 to 0.856) and 0.92 times (95% CI, 0.582 to 1.467) higher, respectively, than those with lower COC scores.

Relationship between continuity of care and cost of diabetes treatment
----------------------------------------------------------------------

The average health care cost for patients with T2DM during the outcome evaluation period was about 3,696 USD. After analyzing the relationship between COC score and diabetes treatment costs from 2006 to 2013, the average medical costs for treating T2DM was around 3,496 USD for patients with a high COC score, whereas it was around 3,973 USD for patients with a low COC score, an increase of 477 USD, which was not statistically significant ([Table 2](#T2){ref-type="table"}). However, after adjusting for the other factors, medical costs incurred for patients with T2DM were significantly lower for patients with a high COC score compared to those for patients with a low COC score ([Table 4](#T4){ref-type="table"}).

DISCUSSION
==========

The effects of continuity of treatment for T2DM on diabetic complications and health care costs were assessed using the National Health Insurance cohort database (2002 to 2013). Continuity of care was evaluated based on managing diabetes continuously for 2 years after initial diagnosis during the continuity observation period and the diabetes-related complications for the 8 years of follow-up thereafter during the outcome evaluation period. The COC index was used to evaluate continuous care. The total costs of diabetes treatment were measured based on the outcome evaluation period (8 years). The results of this study demonstrated that high COC significantly reduced the risk of diabetes-related complications (HR, 0.69) and medical costs (3,496 USD vs. 3,973 USD) compared with low-COC patients with T2DM.

Patients with T2DM are at significant risk for a number of complications, such as retinopathy, renal disease, and heart disease \[[@B31]\]. The prevalence of retinopathy is related to the duration of diabetes and is regarded as the most substantial cause of blindness among adults aged 20 to 74 years \[[@B32]\]. The rate of cardiovascular disease is relatively high among patients with T2DM, resulting in an increased mortality rate compared with the general population \[[@B33][@B34][@B35]\]. These complications related to diabetes, however, can be reduced by continuity of care, because it may lead to escalating the likelihood of cancer screening \[[@B36]\] and to increasing follow-up appointments \[[@B37]\]. In fact, continuity of care with a primary care provider is associated with better glucose control among patients with T2DM, with a fairly high probability of detecting minor conditions at earlier stages to reduce the incidence of diabetes complications and incur fewer hospital admissions \[[@B18][@B38]\]. This study also reports the positive effect of continuity of care for people with diabetes, as do previous studies. Patients who received high COC score are significantly less likely to have diabetic complications. Furthermore, patients with high COC scores have higher chances of survival. The COC score in the study was 0.83±0.24. In other studies, it was 0.84±0.17 for 3 years \[[@B15]\] or ranged from 0.64 to 0.66, using only diabetes-related visits between 2001 and 2006 \[[@B18]\].

Another issue is economic burdens on the health care system as well as on patients. Direct medical costs (91.8 billion USD in 2002) in the United States comprise 25.3% for diabetes care, and 26.8% for chronic complications attributable to diabetes \[[@B4]\]. The age-gender weighted average of lifetime medical costs for diabetic patients in the United States is 85,200 USD, of which 53% is due to treating diabetic complications, based on data from 2009 to 2010 from the National Health and Nutrition Examination Survey \[[@B8]\]. Continuity of care, however, leads to decreasing medical costs from patients with diabetes. In other words, there is a general reduction in health care costs as continuity of care improves \[[@B15][@B39][@B40]\]. Moreover, patients who do not fulfill continuity of care are more likely to spend more in medical costs than those who carry out continuity of care \[[@B41]\]. In this study, the average medical cost is approximately 3,496 USD per patient for patients with a higher COC score, whereas it is 3,973 USD per patient for patients with a lower COC score. So the study finds results consistent with those of previous studies. Diabetics with higher COC scores had significantly lower medical expenses than those with lower COC scores after adjusting for other factors (β=−0.152).

This study is meaningful in the sense that it uses national claims-based data to verify the relationship between COC and medical costs and health outcomes for diabetes patients. However, the use of secondary data in the analysis created a few limitations. First, this research considered only available variables in the claims database, such as patients\' socioeconomic status, characteristics of disease, and medical institution, that could affect diabetes patients\' health outcome. It did not consider commonly addressed socio-behavioral characteristics in most studies of chronic conditions. For example, Kim et al. \[[@B42]\] explained that a patient\'s occupation, education, and family history can affect continuity of care. Ji \[[@B43]\] also stated that factors such as drinking and smoking habits, obesity, stress level, and average sleep hours can affect a patient\'s ability to control glycemic hemoglobin. However, these factors were not considered in this research. Severity of diabetes was not properly considered; this research instead applied the Charlson comorbidity score to consider the patient\'s overall health condition. In the study by Cho et al. \[[@B30]\], the prescription of hypoglycemic agents (types and number) and comorbidity index together were used to consider the severity of the disease. In this study, prescriptions of hypoglycemic agents and comorbidity score were also considered to adjust for the severity of diabetes.

Second, out of all direct costs, this research only considered medical cost to calculate the cost of diabetes. It fails to recognize that diabetes is a chronic disease that lasts for a long period of time. To manage this disease, a significant portion of the cost could be taken up by direct nonmedical costs, such as time, and transportation cost, and indirect cost such as decrease of income incurred by productivity loss and death. Even if direct medical costs had been calculated, it only considered the covered benefit costs of medical care services.

This study demonstrated, by using the National Health Insurance cohort database, that continuity of care has significant impacts on complications and medical costs of patients with T2DM. Despite the limitations of the study variables and design due to the nature of the NHI cohort data, there would be no difficulty in generalizing the results. Last, this study will be valuable for clinicians in understanding the concept and utility of care continuity.
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###### Characteristics of patients by groups of COC index score (%)

![](dmj-43-776-i001)

  Characteristic                        Level of COC   Total           *P* value       
  ------------------------------------- -------------- --------------- --------------- -------
  General characteristics of patients                                                  
   Gender^a^                                                                           0.003
    Male                                493 (51.9)     764 (58.3)      1,257 (55.6)    
    Female                              456 (48.1)     546 (41.7)      1,002 (44.4)    
   Age group, yr^a^                                                                    0.041
    20--39                              41 (4.3)       61 (4.7)        102 (4.5)       
    40--59                              383 (40.4)     584 (44.6)      967 (42.8)      
    ≥60                                 525 (55.3)     665 (50.8)      1,190 (52.7)    
   Insurance status^a^                                                                 0.012
    NHI                                 937 (98.7)     1,273 (97.2)    2,210 (97.8)    
    Medical aid                         12 (1.3)       37 (2.8)        49 (2.2)        
   Income level^b^                                                                     0.522
    0--2                                292 (26.5)     457 (29.1)      749 (28.0)      
    3--4                                139 (12.6)     173 (11.0)      312 (11.7)      
    5--6                                180 (16.3)     242 (15.4)      422 (15.8)      
    7--8                                194 (17.6)     247 (15.7)      441 (16.5)      
    9--10                               298 (27.0)     451 (28.7)      749 (28.0)      
   Comorbidity score^a^                                                                0.045
    0                                   447 (47.1)     537 (41.0)      984 (43.6)      
    1                                   162 (17.1)     267 (20.4)      429 (19.0)      
    2                                   224 (23.6)     326 (24.9)      550 (24.3)      
    3+                                  116 (12.2)     180 (13.7)      296 (13.1)      
  Institutional^c^characteristic                                                       
   Types of health care providers^a^                                                   0.015
    General hospital                    134 (14.1)     238 (18.2)      372 (16.5)      
    Hospital                            83 (8.7)       90 (6.9)        173 (7.7)       
    Clinic                              732 (77.1)     982 (75.0)      1,714 (75.9)    
   Ownership                                                                           0.176
    National/public                     22 (2.3)       27 (2.1)        49 (2.2)        
    Corporate                           156 (16.4)     255 (19.5)      411 (18.2)      
    Individual                          771 (81.2)     1,028 (78.5)    1,799 (79.6)    
   No. of beds                                                                         0.089
    0--50                               727 (76.6)     984 (75.1)      1,711 (75.7)    
    51--100                             33 (3.5)       33 (2.5)        66 (2.9)        
    101--300                            25 (2.6)       31 (2.4)        56 (2.5)        
    ≥301                                164 (17.3)     262 (20.0)      426 (18.9)      
   No. of physicians^a^                                                                0.029
    1                                   564 (59.4)     777 (59.3)      1,341 (59.4)    
    2--5                                192 (20.2)     235 (17.9)      427 (18.9)      
    6--10                               39 (4.1)       42 (3.2)        81 (3.6)        
    11--20                              36 (3.8)       37 (2.8)        73 (3.2)        
    ≥21                                 118 (12.4)     219 (16.7)      337 (14.9)      
  Total                                 949 (100.0)    1,310 (100.0)   2,259 (100.0)   

Values are presented as number (%).

COC, Continuity of Care; NHI, National Health Insurance.

^a^Statistically significant at α=0.05, ^b^Income decile in an ascending order, ^c^The most visited medical institution during the continuity observation period.

###### Distribution of diabetic complications and medical costs for different COC levels
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  Variable                  COC group     Total           *P* value       
  ------------------------- ------------- --------------- --------------- ---------
  Health complications^a^                                                 \<0.001
   Yes                      469 (49.4)    513 (39.2)      982 (43.5)      
   No                       480 (50.6)    797 (60.8)      1,277 (56.5)    
  Medical cost, USD         3,973±8,873   3,496±9,474     3,696±9,228     0.077
  Total                     949 (100.0)   1,310 (100.0)   2,259 (100.0)   

Values are presented as number (%) or mean±standard deviation.

COC, Continuity of Care; USD, United States dollar.

^a^Statistically significant at α=0.05.

###### Multivariate Cox survival analysis on risk of diabetic complications for different levels of COC, adjusting for other factors^a^
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  COC         HR      95% CI
  ----------- ------- --------------
  Low (ref)   \-      \-
  High        0.688   0.539--0.878

COC, Continuity of Care; HR, hazard ratio; CI, confidence interval.

^a^Other factors include characteristics of patients (sex, age, health security type, income level, hypoglycemic agent, comorbidity) and medical care institutions (types, ownership, region, number of physicians, number of beds).

###### Results of multiple linear regression for medical cost of treating type 2 diabetes mellitus and COC, adjusting for other factors^a^

![](dmj-43-776-i004)

  COC^b^      Medical care cost   
  ----------- ------------------- --------------
  Low (ref)   \-                  \-
  High        0.688               0.539--0.878

COC, Continuity of Care; SE, standard error.

^a^Other factors include characteristics of patients (sex, age, health security type, income level, hypoglycemic agent, comorbidity) and medical care institutions (types, ownership, region, number of physicians, number of beds), ^b^Statistically significant at α=0.05.

[^1]: ^\*^Ji Hyun Nam and Changwoo Lee contributed equally to this study as first authors.
